Abstract. The aim of this study was to determine the relationship between amplification of HER2 (Human epidermal growth factor receptor 2) and Topo2a (topoisomerase 2a) and their influence on prognosis in metastatic breast cancer (MBC) patients. Amplification of both HER2 and Topo2a genes was determined by chromogenic in situ hybridization (CISH) in primary tumor tissue of 71 MBC patients. Starting point for follow-up was the time of diagnosis of metastatic disease. Although there was significant correlation between HER2 amplification and Topo2a alterations, Topo2a amplification was not strictly related to HER2 amplification. Follow-up of patients showed that there was no difference in MBC survival between HER2-nonamplified and HER2-amplified patients for subgroup as whole, but there was significant difference in MBC survival between patients with and without Topo2a amplification. HER2 amplification showed prognostic value in subgroups of patients, as well as Topo2a. Combination of these two genes with different status (nonamplified, amplified, coamplified) indicated that they might have additive effect. Also, it has been shown that Topo2a-amplified cases have poorer survival than Topo2a-nonamplified, when treated with CMF therapy. Topo2a amplification seems to be more promising biomarker of MBC survival, than HER2, and potential marker of resistance to CMF therapy.
Introduction
Metastatic breast cancer as a final stage of breast cancer, is a result of the biological expression of multiple genetic changes. Among these genetic alterations, gene amplification is the most frequent and represent important mechanism for oncogene overexpression in malignant tumor. For many years, a growth factor receptor gene HER2 was considered as target gene for amplification in chromosome 17 (amplicon) although, it is well known that HER2 is not the only gene that is amplified in the so called HER2 overexpression cluster [1] . It is possible that altered expression of these coamplified genes might also have biological relevance and clinical significance in breast cancer.
Topo2a gene is located adjacent to the HER2 oncogene at the chromosome 17. Although amplified simultaneously HER2 and Topo2a are not always present in the same amplicon [2] . Topo2a is either amplified or deleted, with equal frequency, in almost 90% of HER2 amplified primary breast tumors [3] , but the level of HER2 amplification does not predict for Topo2a amplification [4] and Topo2a expression is not strictly related to HER2 expression. Topo2a is DNA-modifying enzyme that can pass segment of DNA duplex through reversibile enzyme-mediated double-strand break [5] . Therapies that target Topo2a appear to act by binding to the enzyme-DNA complex and inducing lethal cellular damage, by the inhibition of the religation step during the transient DNA cleavage reaction. The status of Topo2a is further complicated by findings regarding its expression. Beside Topo2a amplification there are also cases of Topo2a gene deletions that render the tumors resistant to therapy [6] . Recent research showed that overexpression of HER2 and Topo2a are independent prognostic factors for anthracycline response and that overexpression of Topo2a could indicate a poor prognosis irrespective of the therapy applied [7] . Beside the studies directed to determine the predictive role of Topo2a as a target for anticancer therapies, there is a lack of studies regarding prognostic value of HER2 and Topo2a, especially in metastatic breast cancer (MBC) when risk evaluation is based on different parameters than for primary breast cancer [8] . In the context of metastatic disesase, it is important to say that HER2 and Topo2a expression remains fairly constant during chemotherapy and indeed during metastatic process [9] .
Material and methods
71 metastatic breast cancer patients with known clinicopathological parameters (age, menopausal status, steroid receptor status, tumor size, nodal status, existence of distant metastasis and histologic type). were included in the study, initially diagnosed at different stages of the disease, Distribution of clinicopathological characteristics between breast cancer phenotypes (according to HER2 or Topo2a status) is presented in Table 2 . (Results). At the time of primary diagnosis 69% of patients had positive lymph node status (N1 and N2) and 9% had distant metastases. At the time of diagnosis of metastatic disease, 89% of patients had multiple metastases, mostly involved bone, liver and lung and the rest had single visceral or bone involvement. In metastatic setting 77% of patients received CMF (cyclophosphamide, methotrexate, 5-fluorouracil) 47% received FAC (5-fluorouracil, adriablastin, cyclophosphamide) and 51% hormonal therapy (tamoxifen). Therapy was administered successively and in that line, no additional therapy was planned before evidence of treatment failure (progression of disease). Median follow-up period for the cohort at the time of analysis was 5 years. Tumors were chosen from prospectively collected tissue samples at the Institute for Oncology and Radiology of Serbia and processed at the same Institute. Histopathological classification was done on HE -stained slides according to standard histopathological practice. All of the tissues samples were fixed in neutral buffered formalin and embedded in paraffin. Serial sections of 4 µm thicknesses on Superfrost/Plus microscope slides were obtained from representative tissue blocks, baked 4 hours on 60
• C and processed according to the manufacturer's instructions.
CISH
Tissue slides were deparaffinizied in xylene (2 × 10 minutes) and washed in 100% ethanol (3 × 3 minutes). When dry, slides were incubated 15 minutes at 96
• C (92-100
• C) in Spot-Light Tissue Heat Pretreatment Buffer (Zymed Inc. San Francisco, CA), cooled down for 20 minutes and washed in PBS 2 × 3 minutes. Tissue was covered with 100 µl of Spot-Light Tissue Pretreatment Enzyme (Zymed Inc.) and incubated at 37
• C for 10 minutes. After that, slides were washed in phosphate-buffered saline (PBS) and dehydrated in 70%, 85%, 95%, 2x in 100% ethanol for 2 minutes each. Slides were denaturated in denaturation buffer (containing formamide, 20 x standard saline citrate SSC and ddH2O) at 78
• C in water bath. Digoxigeninlabeled probe (Spot-Light HER-2 DNA probe, Zymed Inc.) was denaturated in the same way. The same refers to Spot-Light Topo2a DNA probe (Zymed Inc.). After dehydratation, 16 µl probes was added on each slide, covered with coverslip and incubated overnight at 37
• C. After incubation, slides were washed in 0.5 x standard saline citrate, 5 minutes at 78
• C and treated with quenching solution (containing hydrogen peroxide and absolute methanol). After washing in PBS/Tween 20 for 3 × 2 minutes, Spot-Light CISH Detection Kit (Zymed Inc.) was used for chromogenic visualization.
Hybridization results were evaluated in 40x and 100x magnification field (Olympus BX51 microscope). From 1 to 5 gene copies per nucleus were defined as no amplification and more than 6 copies per nucleus (small or large gene copy cluster) in > 50% of tumor cells as amplification. Topo2a deletion is evident when the Topo2a gene copy number is less than in diploid state. Also, because most aneuploidy results fall within the gray area of 3 to 5 signals, setting the threshold of cut off signal points to a high of 6 or more (as in this study) eliminates the variability due to aneuploidy and makes the testing of polysomy chromosome 17 unnecessary.
Statistical analysis
Correlation between HER2 and Topo2a gene status, was analyzed by the Chi-square test. P value less than 0,05 were considered as statistically significant. The metastatic breast cancer survival curves were constructed according to the Kaplan-Meier method and compared with the log-rank test. 
Results
Examples of HER2 and Topo2a nonamplified, low anf high amplified cases by CISH are presented in Figs 1 and 2. There was a significant correlation between HER2 amplification and Topo2a gene alterations (Table 1) . Patients with deletion of Topo2a because of the small number of cases (n = 7) were not included in follow-up analyses. When performing CISH, 3-5 copies (of any gene) per nucleus is considered as possible aneuploidy and in all CISH studies aneuploidy is not treated as a cause of significant protein overexpression. In such cases it is accepted that aneuploidy is treated same as normal, diploid state i.e. 2 copies or as no amplification of certain gene. Neither HER2 or Topo2a amplification showed correlation with available clinicopathological parameters ( Table 2) . Time of diagnosis of metastatic disease (whether patients are initially diagnosed as metastatic or not) is taken as starting point for metastatic breast cancer survival curves. In subgroup as whole, independent of therapy applied, there was no statistically significant difference in metastatic breast cancer survival between HER2-nonamplified cases and HER2-amplified cases (Table 3 . Figure 3a ). In contrast, there was statistically significant difference in MBC survival between Topo2a- amplified cases and Topo2a-nonamplified, (Fig. 3b) . Yet, when patients were stratified according to their clinicopathological characteristics, there was statistically significant difference in survival in different subgroups according to their HER2 status and Topo2a status (Tables 4 and 5 ). Further, combination of HER2 and Topo2a gene status showed that there is a statistically significant difference in survival of patients, depending of different combinations of these two genes (Table 6) i.e. different breast cancer phenotypes. According to between Topo2a-nonamplified and Topo2a-amplified subgroups treated with CMF (Figs 5a, 5b and 5c).
Discussion
At present time, there is no biological marker established in routine practice for follow up of MBC patients survival or to assess clinical benefit from chemotherapy. Although it is well known that metastatic breast cancer is uncurable disease with median survival time of 2-4 years, efforts should be made to help in defining risk groups even in this final stage. Better subgrouping of patients could improve treatment and prolonge patients life. Progression of breast cancer to the final metastatic stage is based mostly on proliferation of malignant cells that succeed to survive adjuvant treatment because of features that provide them selective advantages. However, there is no defined biomarker related to the progression to and through metastatic breast cancer. HER2 and Topo2a are both related to proliferation in a different ways and amplification of these genes could only lead to increased proliferation.
Since the first study related to prognostic value of HER2 in breast cancer [10] that indicated that tumors with HER2 amplification tend to be more agressive than those without it, there were efforts through many clinical studies to confirm this finding. However, the clinical significance of this "the most popular" oncogene in breast cancer is still contraversial. This could be consequence of coamplification and increased expression of other genes contributing to certain features of breast cancer, more than expected and even more than HER2 itself. In our study, neither HER2 or Topo2a amplification has shown correlation with available clinicopathological parameters such as age, menopausal status, steroid receptor status (estrogen and progesteron receptors), tumor size, nodal status, distant metastases, histologic type and stage at time of diagnosis (Table 2) . These results indicate that they should be considered as independent parameters of prognosis in MBC. The correlation of Topo2a expression with other known prognostic parameters has been inconsistent [11, 12] Indeed, Topo2a is accepted as strictly proliferation marker in breast cancer, mostly because of its role and expression in proliferating cells [13] . However, it was shown that in transformed cells, Topo2a expression is higher and less dependent on the proliferative state of the cell. In our study, unexpectedly Topo2a seems to be a better prognostic indicator in metastatic breast cancer than HER2, although there was significant correlation between alterations of these two genes (Table 1) . There was no difference in MBC survival between patients with HER2 amplification and patients without HER2 amplification. but patients with Topo2a amplification had poorer prognosis in comparison with patients without Topo2a amplification. This finding reffers to whole subgroup of patients tested for Topo2a status in contrast to HER2 amplification (Table 3) , independent of therapy applied, as well as in different subgroups (Table 5) . HER2 amplification seems to have only limited prog-nostic value in different subgroups of patients (Table 4) but not in unselected group. However coamplification of these two genes seems to have additive effect on patients survival, because patients with coamplification had poorer survival than patients with single gene amplification (Table 6 ) and the difference in median survival time between these two groups of patients was extreme (17 vs. 54 months). For pateints with metastatic breast cancer this could be of the main importance.
Prognostic value that Topo2a amplification showed in unselected (by treatment) patients cohort, could be a consequence of its different predictive value in relation to different kinds of therapy in metastatic setting. The mechanisms of cytotoxic drug action are complex and involve several intracellular pathways. In that context, we tested interaction between HER2 and Topo2a status and treatment effect. Topo2a amplification seems to have predictive value related to CMF therapy. There was no statistically significant difference in clinical outcome of patients regarding their HER2 and Topo2a status, in relation to anthracyclinebased therapy (FAC) that is considered as targeted i.e. topo2a-inhibitor, neither in relation to hormonal therapy (tamoxifen). This is in agreement with recent immunohistochemical study comparing CMF and anthracycline-based therapy in adjuvant setting [14] . However, in this context it is important to say that increase in Topo2a expression is associated with sensitivity to anthracycline-based therapy presumably due to increased target. Although Topo2a expression is related to proliferation, it is not just a proliferation marker, moreover it has important role in central cellular processes such as replication and transcription [15] and could be involved in the mechanism behind clinical response to different kinds of chemotherapy Several studies in metastatic or locally advanced breast cancer patients have suggested a consistent relationship between Topo2a gene over-expression/amplification and benefit from anthracycline-based chemotherapy [16, 17] . Also, Topo2a could be involved in a different ways in the mechanism behind clinical response to different kinds of chemotherapy. In vitro studies [18] showed that some cell lines selected for resistance to alkylators such as cyclophosphamide (as part of CMF therapy) have elevated levels od Topo2a. It has been suggested that Topo2a that is involved in DNA repair (through modulation of chromatin structure) has its role in multifactorial cellular response, perhaps as a part of a multienzyme complex important in repair of DNA damage. So, its importance is not restricted only to response to targeted topo2a-inhibitor therapy, especially in the context of new findings that does not support greater significance of Topo2a (and HER2) for this kind of treatment [19] . In this context, our results indicated no significance neither of HER2 or Topo2a amplification for response to anthracycline-based therapy (FAC) but strongly indicate the role of Topo2a amplification in a resistance to CMF.
Prediction of the response to the CMF is controversial. HER2 has been first studied extensively as possible predictive marker for a variety of chemotherapy regimens. Some reports showed that response to anthracycline and CMF is independent of HER2 status [20] [21] [22] and the others suggested that CMF is effective only in HER2-negative [23] or only in HER2-positive tumors [24] . There are evidence that HER2 might not be involved in chemosensitivity or resistance at all. The role of HER2 overexpression in chemosensitivity of cancer cells could be indirect and perhaps rests on the association of HER2 with other factors involved in the drug response (tumor grade, high proliferation, ER negativity or Topo2a expression) [25] . Normal human mammmary epithelial cells designed to overexpress HER2 by transfection with HER2 cDNA, showed no difference in chemosensitivity to the panel of chemotherapeutic agents (doxorubicin, 5-fluorouracil, paclitaxel, methotrexate and other) in the presence or absence of HER2 overexpression [26] . The controversial results of the avaliable retrospective studies and the opposite results of the current work on CMF do not support the routine use of HER2 status in everyday practice for treatment decision making. Topo2a is biologically most relevant gene located in the HER2 amplicon, providing the tumor cells growth stimulus that allows rapid proliferation of any surviving cells following treatment with cytotoxic drugs. In conclusion, according to our results Topo2a amplification seems to be important parameter for follow up of metastatic breast cancer patients, independent of HER2 status. Prognostic value of Topo2a could be result of corresponding interaction between Topo2a status and CMF treatment that couldnt reverse negative impact of Topo2a amplification. Its predictive potential and relation with HER2 gene status should be further reevaluated.
